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The purpose of this investigation was to 
determine the intensity and frequency of e x -
cess ive precipi tat ion r a t e s at Urbana. Such 
data have important application in the design 
of engineering s y s t e m s , such as municipal 
s t o r m - s e w e r s , where run-off from s t o r m 
rainfall mus t be provided for. Such data a r e 
available for only a few stat ions in I l l inois , 
and have not been determined for a stat ion 
in the Eas t -Cen t r a l port ion of the Sta te . 
Frequency- in tens i ty data now available is 
contained in Yarnel l ' s study (4), which c o -
v e r s the whole nation, and includes Ch i -
cago, LaSal le , P e o r i a , Springfield, and 
Ca i ro , in I l l inois . 
Excess ive precipi ta t ion ra t e s for s h o r t -
per iod, high intensity s t o rms were based 
upon the U.S. Weather Bureau (1) formula; 
R = 0.01 (t + 20) 
where: R is rainfall in inches and t is 
t ime in minu tes . 
Excess ive ra tes then correspond to a 
minimum of 0.25, 0.30, 0.35, 0.50, 0.80, 
and 1.40 inches in 5, 10, 15, 30, 60, and 
120 minutes respect ive ly . 
Tipping bucket r eco rds from the wea -
ther station at the Universi ty of Illinois for 
the 32-year per iod, 1916-47, were used in 
the ana lys i s . This station was operated by 
the Agronomy Depar tment , College of Ag-
r icul ture until 1948, when the State Water 
Survey was given responsibi l i ty for the s t a -
tion. Complete r eco rds were available only 
for April through October of each yea r , the 
gage normal ly being disconnected during 
the November -March per iod due to freezing 
weather . However shor t -pe r iod excess ive 
rainfall r a t e s r a r e ly occur at Urbana during 
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this per iod, so the intensi t ies and frequen-
cies should be approximately r e p r e s e n t a -
tive of annual occurances a lso . 
In cases where stick m e a s u r e m e n t s ex-
ceeded the automatical ly recorded amounts , 
the tipping bucket r eco rd was co r rec t ed by 
distr ibuting the difference in proport ion to 
the recorded in tens i t ies . Somet imes , due 
to the dense packing of the tipping bucket 
r e c o r d e r impulses during short per iods of 
exceptionally high in tens i t ies , the actual 
intensity could be determined only by sub-
tract ing the totals for the periods of lower , 
readable intensi t ies f rom the total m e a -
sured by st ick gage. 
Tables 1-4 and Figure 1 summar ize the 
resu l t s of this ana lys i s . Maximum point 
rainfall for other s ta t ions in Illinois used 
in Table 4 was obtained f rom published data 
(2). 
Fig. 1 Frequency of excess ive precipi ta t ior 
r a t e s . 
(Based on 1916-1947 records) 
Tables 5-7 show the resu l t s of a second 
analysis using another U.S. Weather Bu-
reau classif icat ion of excess ive p rec ip i t a -
tion (3), namely , 1.0 inch or more in one 
hour and 2.5 inches or more in 24 hou r s . 
Tables 5 and 6 a re based on the 1916-47 
tipping bucket r e c o r d s . In Table 7, the 
classif icat ion of 2.5 inches per 24 hours is 
extended through a 60-yea r per iod, 1889-
1948, by utilizing 12-hour stick gage m e a -
s u r e m e n t s . The two highest consecutive 
12-hour amounts were taken as the 24-hour 
maximum amount. Study of the data indi -
cated any e r r o r introduced by this method 
would be relat ively s m a l l . Most of the 
heavy s t o rms were spanned by two conse-
cutive 12-hour m e a s u r e m e n t s . When the 
s t o r m s were not completely enclosed by 
two consecutive 12-hour m e a s u r e m e n t s , 
the amounts beyond this per iod were usually 
insufficient to ma te r i a l ly affect the r e s u l t s . 
Table 8, showing the frequency of var ious 
24-hour amounts , was obtained in the same 
manner as Table 7. 
The data show that shor t -per iod excess ive 
rainfall r a t e s occur with the g rea tes t f r e -
quency from June through August, when 
thunders to rm activity i s normal ly mos t f r e -
quent (Table 1). Durations of excess ive 
ra tes beyond one hour were relat ively in -
frequent during the 32 y e a r s studied. Two 
hour excess ive ra tes averaged less than one 
per y e a r . 
The g rea te s t number of excessive r a t e s 
in any one month was four (Table 2). These 
occured for 10,15, and 30 minute per iods 
in August, 1918, July, 1938 and June, 1940. 
In two other y e a r s , 1924 and 1931, there 
were four occur rences of excessive 10 and 
15-minute r a t e s in June . The g rea tes t num-
ber of excess ive r a t e s in a single year took 
place in 1938 (Table 3), when eleven ex-
cessive 15-minute r a t e s were recorded . 
Three of these were in June, four in July, 
and three in August. Ten of these s t o r m s 
gave excess ive r a t e s for 30 minu tes , two 
for one hour , and one for two h o u r s . In 
1926 the re were eight cases of excess ive 
one-hour r a t e s f rom May through October . 
Four of these exceeded one inch in one hour , 
but in only one case did the excess ive ra te 
continue for two hou r s . 
Values along the frequency curves in 
Figure 1 a r e slightly lower than those shown 
for the local a r e a on Yarne l l ' s U.S. f r e -
quency maps (4). In genera l , the difference 
is less than 10 per cent, and may be the 
resu l t of deficient catch due to local t u r -
bulence se t Up by t r e e s and buildings in the 
vicinity of the ra ingage. 
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TABLE I 
E x c e s s i v e Rainfa l l , Monthly T o t a l s , 1916-47 
Month 5 Min. 10 Min. 15 Min. 30 Min . 1 Hour 2 H o u r s 
A p r i l 2 3 3 3 2 1 
May 9 15 14 13 10 2 
J u n e 25 37 37 32 16 8 
Ju ly 14 29 28 21 15 2 
A u g u s t 20 37 39 35 23 7 
S e p t e m b e r 12 17 20 20 14 5 
O c t o b e r 2 5 7 7 4 1 
T o t a l 84 143 148 131 84 26 
A v e . N u m b e r 
p e r Yea r 2 . 6 4 . 5 4 . 7 4 . 1 2 . 6 0 .8 
TABLE 2 
Maximum Number Excess ive Rainfalls, 
Any One Month, 1916-47 
Month 5 Min. 10 Min. 15 Min. 30 Min. 1 Hour 2 Hours 
April 1                       1         1                        1                        1                       1 
May 2 3 3 3 3 1 
June 3 4 4 4 2 1 
July 2 4 4 4 3 1 
August 2 4 4 4 3 1 
September 3 3 3 3 2 1 
October 1 1 1 1 1 1 
TABLE 3 
Maximum Number Excessive Rainfalls, 
Any One Year, 1916-47 
5 Min. 10 Min. 15 Min. 30 Min. 1 Hour 2 Hours 
Number 7 9 11 10 8 3 
Year 1927 1938 1938 1938 1926 1927, 1931 
T A B L E 4 
M a x i m u m R e c o r d e d R a i n f a l l ( I n c h e s ) 
5 M i n . 1 0 M i n . 1 5 M i n .   3 0 M i n . 1 . H o u r  2 H o u r s 3 H o u r s 6 H o u r s 1 2 H o u r s 2 4 H o u r s 
U r b a n a 0 .62 1.08 1 .39 1.90 2 . 4 8 2 . 5 5 2 . 5 5 3 .22 4 . 1 0 4 . 6 1 
D a t e 7 / 8 / 4 2 6 / 2 2 / 3 1 6 / 2 2 / 3 1 6 / 2 2 / 3 1 6 / 3 0 / 3 1 6 / 3 0 / 3 1 6 / 3 0 / 3 1 1 1 / 2 / 3 6 5 / 2 5 / 2 1 5 / 2 5 / 2 1 
C a i r o 0 . 6 3 1.01 1.-33 1.89 3 . 1 5 3 .67 3 .86 5 . 4 0 5 .40 5 . 6 9 
D a t e 7 / 7 / 1 5 7 / 1 / 3 4 7 / 3 0 / 1 3 8 / 1 2 / 3 5 6 / 2 8 / 0 5 6 / 2 8 / 0 5 6 / 2 8 / 0 5 3 / 1 3 / 3 8 3 / 1 3 / 3 8 1 0 / 3 / 1 0 
S p r i n g f i e l d 0 .66 1.23  1 4 1 2 . 1 2 2 . 7 5 3 . 0 1 3 . 2 0 3 . 9 3 5 .94 5 . 9 4 
D a t e 7 / 2 3 / 1 7 7 / 2 3 / 1 7 7 / 2 3 / 1 7 7 / 2 3 / 1 7 7 / 1 6 / 1 2 9 / 8 / 2 6 9 / 8 / 2 6 6 / 4 / 1 7 6 / 4 / 1 7 6 / 4 / 1 7 
P e o r i a 0 . 7 3 0 . 9 5 1 .26 2 . 1 0 2 . 6 0 3 . 1 8 3 .32 4 . 3 3 4 . 3 3 5 . 5 2 
D a t e 8 / 1 7 / 2 5 8 / 1 7 / 2 5 7 / 2 / 3 1 7 / 2 / 3 1 7 / 2 / 3 1 9 / 1 0 / 1 1 9 / 1 0 / 1 1 5 / 1 8 / 2 7 5 / 1 8 / 2 7 5 / 1 8 / 2 7 
C h i c a g o 0 . 6 4 1.11 1 .31 1.81 2 . 8 1 3 .67 6 . 1 9 
D a t e 7 / 1 5 / 0 6 9 / 1 3 / 3 6 9 / 1 3 / 3 6 9 / 1 3 / 3 6 7 / 6 / 4 3 7 / 6 / 4 3 8 / 2 / 8 5 
T A B L E 7 
2 4 - H o u r P r e c i p i t a t i o n o f 2 .5 I n c h e s o r G r e a t e r , 1 8 8 9 - 1 9 4 8 
M o n t h 
J a n u a r y 
F e b r u a r y 
M a r c h 
A p r i l 
M a y 
J u n e 
J u l y 
A u g u s t 
S e p t e m b e r 
O c t o b e r 
N o v e m b e r 
D e c e m b e r 
T o t a l 
N u m b e r 
0 
0 
 5 
1 
5 
7 
5 
10 
7 
2 
2 
1 
M a x i m u m 
( I n c h e s ) 
2 . 12 
1 . 7 8 
4 . 0 9 
3 . 0 7 
4 . 6 1 
3 . 3 5 
3 . 18 
4 . 2 0 
4 . 0 7 
2 . 5 8 
4 . 14 
2 . 9 7 
D a y 
7 
2 5 
11 
11 
5 
10 
10 
2 0 
14 
2 7 
2 
13 
Y e a r 
1937 
1936 
1939 
1944 
1921 
1939 
1897 
1924 
1931 
1947 
1936 
1901 
F r e q u e n c y o f 2 4 - H o u r P r e c i p i t a t i o n  
E q u a l t o o r G r e a t e r t h a n 2 .0 , 2 . 5 , 3 . 0 , 3 . 5 , 4 . 0 , 4 .5 I n c h e s 
1 8 8 9 - 1 9 4 8 
N u m b e r o f O c c u r r e n c e s 
Month 2 . 0 " 2 . 5 " 3 . 0 " 3 . 5 " 4 . 0 " 4 . 5 " 
J a n u a r y 
F e b r u a r y 
M a r c h 
A p r i l 
M a y 
J u n e 
J u l y 
A u g u s t 
S e p t e m b e r  
O c t o b e r 
N o v e m b e r 
D e c e m b e r 
T o t a l 
1 
0 
11 
6 
9 
16 
9 
14 
15 
5 
3 
2 
91 
0 
0 
5 
I 
5 
7 
5 
10 
7 
2 
2 
1 
4 5 
0 
0 
1 
1 
2 
2 
3 
6 
5 
0 
1 
0 
21 
0 
0 
1 
0 
1 
0 
0 
2 
1 
0 
1 
0 
6 
0 
0 
1 
0 
1 
0 
0 
1 
1 
0 
1 
0 
5 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
T A B L E 5 
N u m b e r o f R a i n f a l l s 1 .0 I n c h o r G r e a t e r i n O n e H o u r .  
1 9 1 6 - 4 7 
T A B L E 6 
N u m b e r o f R a i n f a l l s 2 .5 I n c h e s o r G r e a t e r i n 2 4 H o u r s ,  
1 9 1 6 - 4 7 
M o n t h 
A p r i l 
M a y -
J u n e 
J u l y 
A u g u s t 
S e p t e m b e r 
O c t o b e r 
N u m b e r 
1 
4 
1 0 
7 
1 0 
7 
1 
M a x i m u m 
( I n c h e s ) 
1 . 4 0 
1 . 6 8 
2 . 4 8 
1 . 9 7 
1 . 4 1 
1 . 3 2 
1 . 0 6 
D a y 
1 7 
1 7 
3 0 
8 
2 0 
7 
1 3 
Y e a r 
1922 
1943 
1931 
1942 
1924 
1941 
1926 
M o n t h 
A p r i l 
M a y 
J u n e 
J u l y 
A u g u s t 
S e p t e m b e r 
O c t o b e r 
N u m b e r 
1 
2 
5 
2 
6 
4 
2 
M a x i m u m 
( I n c h e s ) 
3 . 0 7 
4 . 6 1 
3 . 3 5 
2 . 6 8 
4 . 2 0 
4 . 0 7 
2 . 5 8 
D a y 
1 1 
2 5 
1 0 
1 3 
2 0 
1 4 
27 
Y e a r 
1944 
1921 
1939 
1927 
1924 
1931 
1947 
45 
TABLE 8 
